α-synuclein (αS) is a protein involved in neurotransmitter release in presynaptic terminals, and whose aberrant aggregation is associated with Parkinson's disease. In dopaminergic neurons, αS exists in a tightly regulated equilibrium between water-soluble and membrane-associated forms. Using a combination of solidstate (Figures 1-3 ) and solution-state NMR spectroscopy (Figure 4) , we characterised the conformations of αS bound to lipid membranes mimicking the composition and physical properties of synaptic vesicles. The study evidences key regions of the protein possessing distinct structural and dynamical properties and having specific roles in determining the way the protein partitions between membrane-bound and unbound states. The N-terminal segment of ca 25 residues adopts a well-defined, motionally restricted helical conformation and acts as a membrane-anchor. This region appears conserved using lipid mixtures having significantly different affinity (Figures 1, 3 ). The C-terminal residues remain in an unstructured state ( Figure 1 ) and exhibits weak and transient interactions with the membrane surface ( Figure 2 ). A key role has, however, been identified for the central segment of the αS sequence, which behaves as a sensor of the properties of the membrane in such a way that it determines the affinity of membrane binding ( Figure 4 ). Taken together, our data define the nature of the interactions of αS with biological membranes and provide insights into their roles in the function of this protein as well as in the molecular processes leading to its aggregation. . CEST experiments were recorded using a protein concentration of 300 mM and 0.06% (0.6 mg ml -1 ) of DOPE:DOPS:DOPC lipids in a ratio of 5:3:2 and assembled in SUVs. a) CEST surface for unbound (left) and bound (right) αS; the upper and lower inserts report individual CEST profiles for residues at the N-and C-termini, respectively. b) CEST saturation along the αS sequence. Black lines refer to the averaged CEST profiles measured using offsets at +/-1.5 kHz. Similarly, profiles for +/-3 kHz and +/-5 kHz are shown in red and green, respectively. c) The interactions between αS and POPG SUVs probed by CEST. Labels as in panel b. The data reported in this figure were measured using 350 Hz as bandwidth. The DOPE:DOPS:DOPC mixture was doped with 2% of 1,2-dimyristoyl-snglycero-3-phosphoethanolamine-N-DTPA (gadolinium salt). Comparison between DARR and INEPT spectra with (red) and without (green) the spin label are shown in panels a and b respectively. c) Schematic description of hydrophilic residues populating the water/headgroup interface and the hydrophobic residues pointing toward the inner core of the membrane 
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